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Abstract: This systematic review and meta-analysis investigated the effects of non-pharmacological
manipulations on experimentally induced secondary hypersensitivity in pain-free humans. We in-
vestigated the magnitude (change/difference in follow-up ratings from pre-manipulation ratings) of
secondary hypersensitivity (primary outcome), and surface area of secondary hypersensitivity (secondary
outcome), in 27 studies representing 847 participants. Risk of bias assessment concluded most studies (23
of 27) had an unclear or high risk of performance and detection bias. Further, 2 (of 27) studies had a high
risk of measurement bias. Datasets were pooled by the method of manipulation and outcome. The
magnitude of secondary hypersensitivity was decreased by diverting attention, anodal transcranial direct
current stimulation, or emotional disclosure; increased by directing attention toward the induction site,
nicotine deprivation, or negative suggestion; and unaffected by cathodal transcranial direct current sti-
mulation or thermal change. Area of secondary hypersensitivity was decreased by anodal transcranial
direct current stimulation, emotional disclosure, cognitive behavioral therapy, hyperbaric oxygen therapy,
placebo analgesia, or spinal manipulation; increased by directing attention to the induction site, nicotine
deprivation, or sleep disruption (in males only); and unaffected by cathodal transcranial direct current
stimulation, thermal change, acupuncture, or electroacupuncture. Meta-analytical pooling was only ap-
propriate for studies that used transcranial direct current stimulation or hyperbaric oxygen therapy, given
the high clinical heterogeneity among the studies and unavailability of data. The evidence base for this
question remains small. We discuss opportunities to improve methodological rigor including manipulation
checks, structured blinding strategies, control conditions or time points, and public sharing of raw data.

has no conflicts of interest related to this work. VJM was supported by
the National Research Fund (South Africa) on 120414. VJM is currently

'PROSPERO registration number: CRD42020146486.
GJB was supported by postgraduate scholarships from the University of

Cape Town, Pain SA, and the South African Society of Physiotherapy,
and a postgraduate Publication Incentive Award from the University of
Cape Town. GJB is currently supported by postgraduate scholarships
from the Oppenheimer Memorial Trust and the National Research Fund
(South Africa). GJB receives payment for lectures on pain and re-
habilitation. GJB has no conflicts of interest related to this work. PCC has
no conflicts of interest related to this work. FS was supported as an
intern by the National Research Foundation (South Africa). FS is sup-
ported by the postgraduate scholarship from the National Research
Foundation (South Africa). FS has no conflicts of interest related to this
work. LM receives financial support through a postgraduate scholarship
from the University of Cape Town and the National Research
Foundation (South Africa). LM has no conflicts of interest related to this
work. ASCR has no conflicts of interest related to this work. PRK receives
payment for consultancy work for Partners in Research, and is the owner
of Blueprint Analytics. PRK has no conflicts of interest related to this
work. RP receives payment for lectures on pain and rehabilitation. RP

supported by the US National Institutes of Health on TW011442. VIM
receives payment for lectures on pain and rehabilitation. VIM has no
conflicts of interest related to this work.

Supplementary data accompanying this article are available online
at www.jpain.org and www.sciencedirect.com.

Address reprint requests to Victoria J. Madden, Department of
Anaesthesia and Perioperative Medicine, D23 Groote Schuur Hospital,
UCT Faculty of Health Sciences, Anzio Rd, Observatory, 7925 Cape Town,
South Africa. E-mail: torymadden@gmail.com.

1526-5900/$36.00

© 2023 The Author(s). Published by Elsevier Inc. on behalf of United
States Association for the Study of Pain, Inc This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

https://doi.org/10.1016/j.jpain.2023.06.013

1759


http://www.jpain.org
http://www.sciencedirect.com
https://doi.org/10.1016/j.jpain.2023.06.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpain.2023.06.013&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpain.2023.06.013&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jpain.2023.06.013
https://doi.org/10.1016/j.jpain.2023.06.013
https://doi.org/10.1016/j.jpain.2023.06.013
https://doi.org/10.1016/j.jpain.2023.06.013

1760 BEDWELL

THE JOURNAL OF PAIN

Perspective: We described the effects of several non-pharmacological manipulations on experi-
mentally induced secondary hypersensitivity in humans. By shedding light on the potential for non-
pharmacological therapies to influence secondary hypersensitivity, it provides a foundation for the
development and testing of targeted therapies for secondary hypersensitivity.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of United States Association for the Study of
Pain, Inc This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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Complementary therapies

ability. The Global Burden of Diseases 2016 study

reported low back pain and migraine to be 2 of
the 5 leading causes of years lived with disability.’
Moreover, persistent pain is associated with reduced
quality of life,”* and depression, and anxiety.>*

Pharmacotherapy is the mainstay intervention for the
management of persistent pain; however, the response to
recommended pharmacotherapies is poor.”® In fact, be-
tween 2005 and 2010, there was a 66% increase in pub-
lished trials investigating pharmacological treatments for
neuropathic pain ° yet, despite this increase in research,
there has not been an improvement in the management
of neuropathic pain with pharmacotherapy.”

There are alternative options to pharmacotherapy for
managing different persistent pain conditions. For ex-
ample, treatments such as cognitive behavioral therapy,’
physical exercise,® and invasive and non-invasive cortical
stimulation have all been found to decrease the intensity
of persistent neuropathic pain. However, research into
non-pharmacological treatments is often of poor quality
and generates conflicting data.”""

Irrespective of the treatment modality, the key to
effective management of persistent pain may be better
targeting of treatment to the specific pathophysiolo-
gical mechanisms underlying particular features of
persistent pain.'”> Human surrogate models of sec-
ondary hyperalgesia, a prominent clinical feature of
neuropathic, nociplastic, and inflammatory pain, offer
an opportunity to undertake focused studies of a pain
mechanism in healthy individuals rather than in the
complex phenotypes that are present in the clinical
setting."® Clinically, secondary hyperalgesia is common
in patients with persistent pain, particularly in patients
with fibromyalgia,'* temporomandibular joint dis-
order,”” and complex regional pain syndrome.'® As-
sessment of secondary hyperalgesia by clinicians serves
as an indicator of spinal cord upregulation.’”'® Indeed,
various methods can safely induce short-lived experi-
mental secondary hyperalgesia in humans, including
high-frequency electrical stimulation,'®?° low-fre-
quency electrical stimulation,”’ application of topical
capsaicin,?” intradermal capsaicin injection,”® and su-
perficial burn injury.”* Pharmacological and non-phar-
macological interventions can then be used to
manipulate the experimental secondary hyperalgesia
before, during, or after the induction. This experimental
approach can shed light on factors that influence sec-
ondary hyperalgesia and inform the understanding of
mechanisms underlying secondary hyperalgesia.

P ersistent pain is common and contributes to dis-

Experimental pain studies investigating this line of
inquiry frequently use 2 similar but different terms:
secondary hyperalgesia and secondary hypersensitivity.
Secondary hyperalgesia refers to an increased percep-
tion of stimuli that were perceived as painful before an
induction, in the area surrounding the induction.
However, in experimental studies, stimulation to pin-
prick probes and von Frey filaments are inconsistently
perceived as being painful before inductions. As such,
the term hypersensitivity, rather than hyperalgesia,
more accurately describes the increased perception of
stimulation to pinprick probes and von Frey filaments
after induction. Therefore, we opted to divert from the
terminology used in our protocol and instead use sec-
ondary hypersensitivity throughout this paper.

The aim of this systematic review and meta-analysis
was to identify, collate, and describe all the published
studies that have applied non-pharmacological manip-
ulations intended to influence experimentally induced
secondary hypersensitivity in human participants
without clinical pain. This thorough examination of the
literature is anticipated to yield a resource that sum-
marizes the current body of evidence, provides pooled
effect size estimates where possible, identifies gaps in
knowledge and opportunities for further inquiry.

Methods

This systematic review and meta-analysis were planned
and conducted according to the guidelines of the
Cochrane Collaboration.?” The protocol was published in
Systematic Reviews (https:/doi.org/10.1186/513643-019-
1120-7) *® before commencing the online search and
was registered with PROSPERO (CRD42020146486) after
conducting the online search and screening of articles
but before conducting the risk of bias assessment and
data extraction. We followed the reporting guidelines
for preferred reporting items for systematic reviews and
meta-analyses®’ (Supplementary File 1).

The protocol described a review of studies that used
either non-pharmacological or pharmacological ma-
nipulations of secondary hypersensitivity. Given the
number of eligible studies, we focus here on the studies
that tested non-pharmacological manipulations only.
The remaining studies will be reviewed in a separate
publication (in preparation). To classify the manipula-
tions, we acknowledged that both pharmacological and
non-pharmacological manipulations influence normal
physiological functioning, and so used the mode of
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administration to classify the manipulations. For phar-
macological manipulations, participants had to have
received a chemical substance via ingestion, injection, or
topical administration. For example, ingestion of a li-
quid containing a high concentration of lipids would be
classified as a pharmacological manipulation.
Conversely, nicotine deprivation in smokers would be
considered a non-pharmacological manipulation be-
cause, although nicotine deprivation would influence
normal physiological functioning, it does not involve
ingestion, injection, or topical administration of a che-
mical substance.

Types of Studies

Prospective experimental studies were eligible—that
is, studies that attempted to experimentally induce and
manipulate secondary hypersensitivity for the purpose
of studying the effects of the manipulation on experi-
mentally induced secondary hypersensitivity. The ma-
nipulation had to be performed in the context of an
experiment, such that the secondary hypersensitivity
was not a naturally occurring clinical phenomenon. That
is, participants must have begun the study without any
secondary hypersensitivity present. Studies must have
assessed secondary hypersensitivity within 120 minutes
after induction (so as to avoid missing the expected
peak of secondary hypersensitivity after experimental
induction). Published, in-press, or accepted records for
which title, abstract, and full-text versions were avail-
able in English were eligible for inclusion.

Types of Study Participants

Data from human participants without clinical pain
conditions were included. No restrictions were placed on
the ages of participants, but data from adults were to be
treated separately from data from children (< 18 years
old). Data from non-human studies were excluded.

Types of Interventions

Data were included from experimental studies that
aimed to manipulate secondary hypersensitivity. Studies
that manipulated secondary hypersensitivity as 1 step in
a larger study were considered eligible only if suitable
baseline/control data were available to estimate the
effect of the manipulation on ratings to mechanical
punctate stimulation.

Types of Outcome Measures
Primary Outcome

The protocol stated that the primary outcome was
mechanical secondary hypersensitivity—specifically,
ratings to mechanical punctate stimulation in the area
surrounding the induction site. We were interested in
the magnitude of secondary hypersensitivity as cap-
tured by a change in mechanical punctate stimulation
from pre-manipulation levels. Studies need to have
provided a control for the manipulation. For example,
ratings of mechanical punctate stimulation before and
after manipulation (within-subject comparison) or
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ratings of mechanical punctate stimulation after one
group received the manipulation and the other a sham
(between-group comparison). Ideally, studies should
also have included a control condition or time point for
the induction so as to capture the effect of the induc-
tion prior to manipulation. However, an unfortunate
limitation of the literature base is that controls for the
induction are rarely included, so we accepted data from
studies as long as an accepted induction known to in-
duce secondary hypersensitivity was clearly used and
the timing of manipulation relative to induction was
sufficient to make it likely that a change in rating at-
tributable to the manipulation would likely reflect a
change in the induced secondary hypersensitivity.

Secondary Outcomes

We also gathered data on 4 other outcomes. These
were: 1) surface area of secondary hypersensitivity, as
measured using reproducible methods (such as a radial
lines approach???%29); 2) time course of secondary hy-
persensitivity; 3) pain elicited from the manipulation
(eg, pain from a thermal manipulation); and 4) adverse
events (eg, skin damage, other adverse reaction(s)) as-
sociated with the manipulation. The time course of
secondary hypersensitivity is clinically relevant in that it
gives insight into the duration of secondary hy-
persensitivity. It is clinically important to know if an
intervention reduces the duration of the magnitude
and/or surface area of secondary hypersensitivity.

Pain was defined as "an unpleasant sensory and
emotional experience associated with actual or poten-
tial tissue damage, or described in terms of such da-
mage”.*° Pain must have been assessed by participants’
self-report.

Screening

Electronic Searches. The following electronic databases
were searched (on June 24, 2019, updated October 01,
2019, August 27, 2020, and September 29, 2022) with a
strategy that spanned the time from their inception to the
date of the search: Biosis (via Web of Science), PubMed
(includes MEDLINE), Scopus, PsychArticles, Psychinfo,
Cochrane library, Web of Science Core (use to search
and then use menu on left to filter for Core option and
Biosis). The search strategy was: ([“human*” OR “women”
or “woman” OR “man” OR “men” OR “participant*” OR
“volunteer* OR individual*”] OR “normal skin” OR
“healthy skin”) AND (“secondary hyperalgesia” OR
“punctate hyperalgesia” OR “pinprick pain” OR
“pinprick hyperalgesia” OR "mechanical hyperalgesia”
OR “mechanical pain” OR “heat hyperalgesia” OR
“neurogenic hyperalgesia”). All terms were searched for
in the title, keywords, or abstract.

Other Sources. Reference lists of eligible studies were
screened to check for other eligible studies that may
have been missed by the electronic searches. Experts in
the field, and the corresponding authors of the most
recent narrative reviews on experimental induction and
manipulation of secondary hypersensitivity, were
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contacted to ask for their assistance in identifying any
missed studies. In anticipation of a paucity of literature,
the protocol had planned to request unpublished data
from laboratories that have published extensively on
these techniques. Given the abundance of published
studies available, this step was not followed (protocol
deviation 1 of 4). However, we did request data directly
from authors where published records did not provide
enough precision.

Data Collection and Analysis

Data Management. Originally, the protocol specified
the use of the online systematic review facility (http:/
syrf.org.uk/) to manage the review process. However,
given this platform is generally not used for human
studies, it proved difficult for use in this review, so we
switched to the Covidence (https://covidence.org/)
online software to manage the review process
(protocol deviation 2 of 4).

Study Selection. Identified records were independently
screened for eligibility by 2 of 3 reviewers (GJB, PCC, and
LM) in 2 sequential stages: screening of title and
abstracts (Stage 1) and screening of full texts (Stage 2).
A customized eligibility form (Supplementary File 2) was
used in Stage 2. Any disagreements about study inclusion
were resolved by discussion or by adjudication from a
fourth reviewer (VJM).

Risk of Bias Analysis. Risk of bias assessments were
independently conducted by 2 of 3 reviewers (GJB, FS,
and LM) to assess the quality of the methods and
identify potential flaws in the study design or
reporting that might render the results unreliable for
the purposes of answering the question of the current
review.?' The reviewers piloted the risk of bias
assessment form on 3 studies and adapted it prior to
formal application to all included studies. The
assessment considered the risks of selection, sampling
determination bias (added after protocol had been
published; protocol deviation 3 of 4), performance,
detection, attrition, measurement, and reporting bias,
and other sources of bias. The criteria used to estimate
the risk of bias were based on the recommendations
from the Cochrane Collaboration,®* known quality
instruments (eg, the CONSORT*®> and STROBE**
statements as relevant), and on known areas of bias
relevant to the study design used,** and were specified
in the risk of the bias assessment tool and guide
(Supplementary File 3). The appraisals of the 3
reviewers were compared and any disagreements
resolved through discussion or by adjudication from a
fourth reviewer (VIM).

Data Extraction. Data were extracted independently
and in duplicate from each included study, using a
standardized form (Supplementary File 4) by 2 of 3
reviewers (GJB, FS, and LM). This standardized data
extraction form had been piloted and refined using 3
studies before formal data extraction. Study authors
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were contacted to obtain data that were unavailable or
unclear from the published texts. If no reply was
received within 6 weeks, or relevant data were not
provided within 6 weeks of the first reply, the data were
considered unavailable. Any published data that
seemed implausible were verified directly with the
corresponding author where possible.

Data Analysis. Data were analyzed to 1) determine
the effect of each manipulation method, 2) pool and
compare data where possible and sensible, 3) facilitate
relative ranking of manipulations to compare the
potency of the various manipulation procedures for
influencing secondary hypersensitivity, and 4) detect
publication bias. Data on the magnitude of secondary
hypersensitivity were handled separately from those on
the area of secondary hypersensitivity. The protocol
specified that, if the quantity and quality of data
allowed, the pooled effect size estimates would be
compared to rank the different manipulations in order
of potency and risk. We planned to use funnel plots to
examine for publication bias.

Rescaling of Rating Scales. A wide variety of rating
scales are used to assess the severity of pain. To allow for
descriptive comparison across ratings data, all ratings
from 0 to 100 rating scales were rescaled to 0 to 10, by
dividing by 10. Rating data from studies that used
alternative scales—such as the -50 to +50 Sensation
and Pain Rating Scale—were managed separately.

Pooling of Data and Measures of Manipulation
Effects. The  protocol had anticipated the
subgrouping of studies into manipulations with
localized effects, systemic effects, and time-limited
effects to determine the potency of the manipulation
methods. However, given the records retrieved and to
maximize clarity, we opted to subgroup by the
hypothesized direction of manipulation effect (ie, to
increase or decrease) on 1) magnitude and 2) area of
secondary hypersensitivity (protocol deviation 4 of 4).
We felt that this approach would provide the most
comprehensive description of the effects of the
manipulation on magnitude and area of secondary
hypersensitivity than the previously planned
subgroups, given that the purpose of this review was
to clarify the effects of factors that may influence the
mechanisms of secondary hypersensitivity. Therefore,
we have grouped studies according to whether the
hypothesized effect of the manipulation was to
decrease or increase the magnitude and/or area of
secondary hypersensitivity, and then by the
manipulation procedure. Across the eligible studies,
the magnitude and surface area of secondary
hypersensitivity had been assessed at different times
after the induction. It was not possible to determine
the time point of the peak effect of each manipulation,
but it was possible to determine the time point of the
peak effect of each induction by using the control
data. Therefore, we extracted data for the time point
at which the control group/condition showed the
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highest ratings to mechanical punctate stimulation or
the greatest surface area of secondary hypersensitivity.
We used the mean + SD and sample sizes to calculate
the standardized mean difference (because it is
recommended for continuous data where different
scales have been used?®). We used a random effects
model to allow for anticipated heterogeneity between
studies. When studies did not provide mean * SD
ratings to mechanical punctate stimulation or surface
area of secondary hypersensitivity, we converted
alternative measures of central tendency and spread
as per the guidelines in the Cochrane Handbook. We
used the RevMan software,>® version 5.3, to convert
data to mean = SD (where applicable), pool data, and
generate forest plots using a random effects model.

Assessment of the Quality of the Body of
Evidence. The quality of the body of evidence for
each manipulation was assessed using the GRADE
criteria®’ and the GRADEpro GDT software (www.
gradepro.org). In keeping with the GRADE guidelines,
the quality of the body of evidence was estimated for
each outcome, where more than one study was
available for a certain manipulation. The assessment
was determined based on 1) risk of bias, 2) directness, 3)
consistency of results across studies, and 4) reporting
precision. For each factor, studies are categorized as
having ‘no’, ‘serious’ or “very serious’ limitations. Factors
graded as having ‘serious’ limitations result in a
downgrade of 1 level for the body of evidence. Last,
the grade for the certainty of the body of evidence will
be determined as high—"further research is very
unlikely to change our confidence in the estimate of
effect”, moderate—further research is likely to have an
important impact on our confidence in the estimate of
the effect and may change the estimate, low—"further
research is very likely to have an important impact on
our confidence in the estimate of effect and is likely to
change the estimate”, or very low—"any estimate of
effect is very uncertain”.

Results

Results of Search

An initial literature search (conducted on June 24,
2019) yielded a total of 4,809 records, of which 2,251
remained after duplicates were removed. An additional
666 studies were identified when the search was up-
dated (September 29, 2022) and one study was identified
through direct communication with experts in the field.
Therefore, a total of 2,918 records investigating non-
pharmacological and pharmacological manipulations
were included in the title/abstract screening. Thereafter,
268 articles went to the full-text screening. Of these, 169
records were eligible for inclusion. Of the 169 records
eligible for inclusion, 24 reported on non-pharmacolo-
gical manipulations, and therefore, are reported here,
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the remaining 145 records reported on pharmacological
manipulations.

Two (of 24) records yielded more than one eligible
dataset: Torta et al’’ reported on 3 studies, of which
studies 2 and 3, 2 were eligible for inclusion while
study 1 was not eligible for inclusion in this review,
and Yucel et al*® reported on 3 studies, of which all
were eligible for inclusion in this review. Therefore,
the total number of studies included in this review
was 27. A preferred reporting item for systematic re-
views and meta-analyses flow diagram (Fig 1) outlines
the inclusion process.

Included Studies
Types of Studies

Table 1 summarizes the characteristics of the eligible
studies. Of the 27 eligible studies, the study designs
included crossover (n=12), Experiments 1, 2, 3,246
between-group (n = 8),*’>* and within-subject (without
crossover) comparisons (n=7),”"235558

Notably, based on our eligibility criteria, Bedwell,
Louw et al, 2022 were eligible for inclusion in this re-
view and the study’s methodology and risk of bias as-
sessment have been reported here. However, Bedwell,
Louw et al, 2022 reported their threat manipulation to
be ineffective; therefore, their data on the influence of
their manipulation the change in pinprick perceptions
in the secondary zone and surface area of secondary
hypersensitivity were not useful for answering our re-
search question and were not reported in this reviews’
outcomes.

Participants

A total of 847 participants (460 males, 387 females)
were represented in the 27 eligible studies. All parti-
cipants were adults (> 18 years old). Age data could
not be pooled because the reporting of descriptive
statistics varied; participants’ ages are shown by the
study in Table 1. Five (of the 27) studies included male
participants only. One study included female partici-
pants only, with further selection for participants with
a history of trauma.”" This biased sample was appro-
priate to the study’s question but not to the aim of
this review.

Types of Interventions

Across the 27 eligible studies, 6 different methods
were used to induce secondary hypersensitivity: burn
injury (n=6), topical capsaicin (n=5), high-frequency
electrical stimulation (n=5), heat with topical cap-
saicin (n=4), intradermal capsaicin injection (n=4),
and low-frequency electrical stimulation (n=3). A
variety of manipulations was used to influence the
magnitude and/or area of the experimentally induced
secondary hypersensitivity: thermal stimulation
(n=6), diversion of participants’ attention (n=4),
transcranial direct current stimulation (n=4),
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.
hyperbaric oxygen therapy (n=2), acupuncture emotional disclosure (n=1), negative suggestion

(n=1), electroacupuncture (n=1), cognitive beha-
vioral therapy (n = 1), directing participants’ attention
towards the induction site (n=1), placebo analgesia
(n=1), spinal manipulation therapy (n=1), written

(n=1), manipulation of threat (n=1), nicotine depri-
vation (n=1), and sleep disruption (n=1). Table 2
provides a summary of each study’s induction and
manipulation methods.
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Outcome Measures

Twelve (of 27) studies assessed only the surface area
of secondary hypersensitivity Experiments 1, 2,
3.24,38:43-45,47.48-50.55 gayen (of the 27) studies assessed
only the magnitude of secondary hypersensitivity Ex-
periment 2,3.2":3940.57.59.60 Eight (of the 27) studies as-
sessed both the magnitude and surface area of
secondary hypersensitivity.?*" 425153545658 None (of
27) studies assessed the time course of induced sec-
ondary hypersensitivity. Four (of 27) studies assessed
pain elicited by the following manipulations: thermal
stimulation and transcranial direct current stimulation.
Seven (of 27) studies assessed adverse events.

Rescaling of Outcomes

Fifteen (of the 27) studies assessed the magnitude of
secondary hypersensitivity. Of these 15, 6 used 0 to 10
rating scales with anchors of 0="no pain” and
10 ="worst pain imaginable” (or equivalent) to assess
change in the magnitude of the secondary hypersensi-
tivity. 23392175360 Five (of the 15) used 0 to 100 rating
scales with anchors of 0="no pain” and 100 = “worst
pain imaginable” (or equivalent), and were rescaled to
a 0 to 10 range.?%#"°6:57.61 Three (of the 15) used 0 to
100 rating scales with ‘50" representing the transition
between non-painful (<50) and painful (>50) Experi-
ment 2, 3."*® The remaining study (of the 15) ** used
the -50 to +50 Sensation and pain rating scale®® in
which ‘0’ represents the transition between non-painful
(<0) and painful (>0). Rating data from these 3 studies
were managed separately.

Risk of Bias in Included Studies
Table 3 summarizes the risk of bias results.

Selection Bias. Ten studies Experiments 2 and
321:45.47,48,52,54,57,58.60 \yare judged to be at low risk of
selection bias. Fifteen studies were judged to have an
unclear risk of selection bias. Of these 15, 13 failed to
screen participants for both chronic and current pain
Experiments 1, 2, 32%243839742,4450.55,56 and 2 screened
for chronic pain but failed to screen for current pain (ie,
pain on the day of testing).”**° Two studies were
judged to be at high risk of selection bias for
including obviously biased samples: women with a
history of trauma®' and people who smoke >15
cigarettes per day.”> These biased samples were
appropriate to each study’s question.

Determination Bias. Six (of
studies were judged to be at low risk
of sampling determination bias for reporting their
sample size is based on power calculations. Five
studies were judged to have high risk of bias for using
post hoc sampling calculations (n=1%’) or comparable
studies (n =4 Experiments 2 and 3°"**°%) in which those
studies did not use power calculations to determine
sample size. The remaining 16 (of 27) studies were
judged to have an unclear risk of sampling

Sampling
27)24,41 ,43,54,56,60

THE JOURNAL OF PAIN

determination bias for not reporting methods for
determining sample size.

Performance Bias. Four studies’**’>*%% were judged
to be at low risk of performance bias, for both including
and reporting on the results of participants’ blinding
assessments. Most of the studies (20 of 27) failed to
assess the effectiveness of their blinding procedure, so
were judged to have an unclear risk of performance
bias. The remaining 3 studies were judged to be at high
risk of performance bias. Of these 3, 2 reported that
blinding of participants to group allocation was not
possible with studies using hyperbaric oxygen
therapy,”*** and 1 reported that participants’ blinding
had been broken in 12 (out of 50) participants.*®

Detection Bias. Only one study®* was judged to be at
low risk of detection bias for both including and
reporting the results of the assessor's blinding
assessment. Most studies (22 of 27) were judged to
have unclear risk of detection bias for not assessing
whether outcome assessors were blinded to the
research question and/or whether the data analyst
was blinded to group/site allocation of participants.
Four studies®'**°%°% were judged to be at high risk of
detection bias because outcome assessors and analysts
were not blinded to the research question and group
and/or site allocations of participants.

Veracity of Manipulation. Most (22 of the 27) studies
were judged to be at low risk of manipulation veracity
problems for either including manipulation checks to
check the effectiveness of the manipulation
(summarized in Table 4) or not needing to include a
manipulation check. Seven (of the 22) did not need to
include a manipulation check for transcranial direct
current stimulation (n=4), hyperbaric oxygen therapy
(n=2), or immersive 360° passive virtual reality (n=1).
The remaining 5 studies were judged to have a high risk
of manipulation veracity problems. Matre, Casey (51)
failed to include a manipulation check to assess
participants’ expectations of the placebo analgesia
manipulation although the placebo was assumed to
influence expectations. Mohammadian et al** failed to
include a manipulation check to assess whether the
manual spinal manipulation successfully relocated
reportedly subluxed vertebrae in the thoracic spine.
Rebhorn et al48 and Zheng et al*’ failed to include a
manipulation check to assess whether the acupuncture,
and electroacupuncture, respectively, were effective.
van den Broeke et al®’ called their manipulation
“negative expectation” but did not assess participants’
expectations to confirm the induction of negative
expectations. Hence, we refer to their manipulation as
“negative suggestion” in this review.

Notably, only 1 study (of the 27) reported their ma-
nipulation as being ineffective. Bedwell et al°* aimed to
manipulate threat during the induction but their ma-
nipulation checks found no differences in self-reported
pain, threat of tissue damage, or anxiety between the
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Table 3. Summary of Risk of Bias Assessment
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Baron, Wasner et al. (1999)

Bedwell, Louw et al. (2022)

Ditre, Zale et al. (2018)

Filbrich, van den Broeke et al. (2020)

Hughes, Ward et al. (2020)

Kobor, Gal et al. (2009)

Matre, Casey et al. (2006)

Meeker, Keaser et al. (2019)

Mehesz, Karoui et al. (2021)

Mohammadian, Gonsalves et al. (2004)

Pud, Yarnitsky et al. (2006)

Rasmussen, Borgen et al. (2015)

Rebhorn, Breimhorst et al. (2012)

Salomons, Moayedi et al. (2014)

Steyaert, Lenoir et al. (2022)

Smith, Remeniuk et al. (2018)

Torta, De Laurentis et al. (2020, Experiment 2)

Torta, De Laurentis et al. (2020, Experiment 3)

van den Broeke, Geene et al. (2014)

Vo, llich et al. (2021)

Wabhl, Bidstrup et al. (2019)

Werner, Lassen et al. (2002)

You, Creech et al. (2014)

Yucel, Miyazawa et al. (2001, Experiment 1)

Yucel, Miyazawa et al. (2001, Experiment 2)

Yucel, Miyazawa et al. (2001, Experiment 3)

Zheng, Bai et al. (2019)

Green = low risk of bias, red = high risk of bias, and grey = unclear risk of bias. SH =

magnitude of secondary hypersensitivity. SA = surface area of secondary hypersensitivity
SH, magnitude of secondary hypersensitivity; SA, surface area of secondary hypersensitivity.
NOTE. Green = low risk of bias, red = high risk of bias, and gray = unclear risk of bias.
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Table 4. Summary of Studies That Included Manipulation Checks to Assess the Effectiveness of

Their Manipulation (n = 16)

Stupy ManipuLATION

MANIPULATION CHECK

Manipulation: thermal stimulation (n = 6)

Baron et al (1999) Whole-body heating and cooling using a thermal suit Temperature monitored
Pud et al (2006) Cooling of the induction site after induction Temperature monitored
Werner et al (2002) Cooling of the induction site after induction Temperature monitored
Yucel et al (2001, Heating of the induction site before and twice after Temperature monitored
Experiment 1) induction
Yucel et al (2001, Heating of the induction site before and twice after Temperature monitored
Experiment 2) induction
Yucel et al (2001, Heating of the induction site before and twice after Temperature monitored
Experiment 3) induction

Manipulation: diversion of attention (n=4)

Kobor et al (2009) High and low attentional load face discrimination task Assessed and reported on attention during the task.
performed during punctate mechanical stimulation

Torta et al (2020, Modified version of an N-back task performed during Assessed and reported on attention during the task.

Experiment 2) induction

Torta et al (2020, Eriksen Flanker Task performed during induction Assessed and reported on attention during the task.

Experiment 3)

Manipulation: cognitive behavioral therapy (n=1)
Salomons et al (2014) Cognitive behavioral therapy

Manipulation: directing attention towards the induction (n=1)
Filbrich et al (2020) Vibrotactile spatial attention task

Manipulation: written emotional disclosure (n=1)
You et al (2014) Written emotional disclosure task

Manipulation: threat manipulation (n=1)

Bedwell et al (2022) Threat manipulation
Manipulation: nicotine deprivation (n=1)
Ditre et al (2018) Nicotine deprivation

Manipulation: sleep disruption (n=1)
Smith et al (2018) Forced awakenings

Pain intensity and unpleasantness during the induction.

Assessed accuracy to detect vibrotactile stimulations and excluded
participants from analysis if they “reported less than 4 vibrotactile
target stimuli (out of the 8 targets) or more than 8 false alarms (ie,
wrongly identified targets)”.

Self-assessment Manikin to assess emotional responses to the
disclosure intervention.

Pain intensity, fear of tissue damage, and anxiety during the induction.

Nicotine deprivation was verified by confirming that CO levels for <8
parts per million or had reduced by 50% from baseline.

Sleep duration and disruption monitored in a controlled environment.

experimental and control group, suggesting an in-
effective manipulation. Given the inefficacy of the
threat manipulation, these data cannot contribute to
our research question and are not reported for the re-
view outcomes, leaving only 26 datasets contributing to
data on the review outcomes.

Attrition Bias. Most studies (25 of 27) were judged to
be at low risk of attrition bias for either having no
withdrawals, or clearly and appropriately managing
withdrawals in their statistical analyses. The remaining
2 studies’®>’” were judged to have an unclear risk of
attrition bias for not reporting whether there were
withdrawals from their studies.

Measurement Bias. Most studies (25 of 27) were
judged to be at low risk of measurement bias.
Notably, of these 25 studies, only 6
studies®' 347054 reported that the same assessor
conducted all assessments. Two studies were judged

to be at a high risk of measurement bias for assessing
the magnitude of secondary hypersensitivity while
participants concurrently engaged in the
manipulation—an attentional load task* and a non-
interactive virtual reality arctic scene.®’ Twenty-four
(of 27) studies used valid and reliable outcome
measures to assess the magnitude and area of
secondary hypersensitivity. The remaining 3
Experiments 2 and 3?"°® used an unvalidated 0 to
100 rating scale, in which there were non-painful
(<50) and painful (>50) sections.

Reporting Bias. Five (of 27) studies were judged to be
at high risk of reporting bias, for either failing to report
on all outcome measurements (n=3) Experiments 1, 2,
and 3°% or failing to disclose any funding sources,
conflicts of interest, or lack thereof (n=2).
Experiments 1 and 2% The remaining 22 studies
were judged to be at low risk of reporting bias.
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Primary Outcome

The Effect of Manipulation on Magnitude
of Secondary Hypersensitivity (n = 14)
Fourteen (of 26) studies assessed the effect of a ma-
nipulation on the magnitude of experimentally induced
secondary hypersensitivity. Table 5 summarizes the ra-
tionale for each manipulation and the hypothesized
and observed directions of the effect of each manip-
ulation on ratings to mechanical punctate stimulation,
that is, the magnitude of secondary hypersensitivity.

OBSERVED DIRECTION OF EFFECT

Manipulations Hypothesized to Decrease the
Magnitude of Secondary Hypersensitivity (n=11)

Eleven (of the 14) studies used manipulations that
were hypothesized to decrease the magnitude of sec-
ondary hypersensitivity: diversion of attention (n=4),
anodal transcranial direct current stimulation (n=4),
thermal stimulation (n=2), and written emotional dis-
closure (n=1). Ratings to mechanical punctate stimula-
tion for these 11 studies are reported in Table 6.

Does Diversion of Attention Decrease the Magnitude
of Secondary Hypersensitivity? (n=4). Four studies
diverted participants’ attention and anticipated a
decrease in the magnitude of secondary hypersensitivity.
Two of these studies, both reported by Torta et al”’!
(Experiments 2 and 3), had similar designs: secondary
hypersensitivity was induced using low-frequency
electrical stimulation to one arm while the contralateral
arm served as a control for the induction. In the first
experiment, participants performed an Eriksen Flanker task
(ie, a cognitive loading task) during the induction
(experimental condition). Torta et al’' aimed to diminish
induced secondary hypersensitivity by diverting attention
to the Eriksen Flanker task. However, ratings were
significantly increased after the induction compared to
ratings before the induction, indicating that the
manipulation did not diminish the magnitude of
secondary hypersensitivity induced by low-frequency
electrical stimulation. In the second experiment,
participants performed a modified N-back working
memory task during the induction (experimental
condition). There was no significant change in ratings
after the induction, suggesting that performing a
modified N-back task attenuated induced secondary
hypersensitivity, as assessed by magnitude. Incidentally,
participants reported the N-back task to be more difficult
than the Eriksen Flanker Task. A third study®® induced
secondary hypersensitivity using heat and application of
topical capsaicin. After the induction, ratings to mechanical
punctate stimulation were taken during 3 conditions: 1)
engagement with a high attentional load face
discrimination task (experimental condition a), 2)
engagement with a Jow attentional load face
discrimination task (experimental condition b), and 3)
ignoring the face discrimination task (control condition).
Ratings were significantly lower during the high
attentional load task than during the low attentional
load task or the control condition. However, there was

Increase in male participants only

RATIONALE FOR MANIPULATION*
No effect in female participants

No effect
Increase
Increase

Electroacupuncture facilitates the release of endorphins.
descending nociceptive modulatory pathways, and/or
Nicotine deprivation facilitates release of pronociceptive
neurotransmitters (e.g. glutamate, substance P, CGRP, and
nitric oxide) enhancing synaptic excitability at the dorsal
Sleep disruption enhances NMDA receptor activity centrally.

Directing attention to the induction site facilitates
interacts with supraspinal mechanisms.

horn of the spinal cord.

MANIPULATION

Directing attention to the
induction site during the
Nicotine deprivation before
induction and assessment

induction
induction and assessment

Electroacupuncture after
induction before
assessment

Sleep disruption before

Stupy

Baron et al, Werner et al, Pud et al, Yucel et al, Rebhorn et al, Filbrich et al, and Smith et al did not specify a directional hypothesis. In these cases, we used published literature to generate a hypothesis about the direction of effect.

Abbreviations: M1, primary motor cortex; DLPFC, dorso-lateral prefrontal cortex; TRPV1, transient receptor potential vanilloid 1; CGRP, calcitonin gene-related peptide; NMDA, N-Methyl-D-Aspartic acid receptor.
Kobor et al (2009) and Mohammandian et al (2004) did not specify a rationale for the manipulation. In these cases, we used published literature to generate a hypothesis about the rationale for the manipulation.

*

Table 5 (Continued)

Zheng et al (2019)
Filbrich et al (2020)
Ditre et al (2018)
Smith et al (2018)
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no significant difference in ratings between the low
attentional load task and the control condition,
suggesting that only high attentional load diminished
ratings to mechanical punctate stimulation after
induction of secondary hypersensitivity. A fourth study”’
induced secondary hypersensitivity using high-frequency
electrical stimulation. After the induction, ratings to
mechanical punctate stimulation were taken during an
immersive 360° non-interactive virtual reality arctic scene
(experimental condition) or sham virtual reality consisting
of the same arctic scene displayed on a 2D monitor screen
(control condition). Ratings were significantly lower during
immersive virtual reality than during sham virtual reality. In
summary, 3 of the 4 attention-diverting manipulations
were found to diminish the magnitude of experimentally
induced secondary hypersensitivity.

Does Transcranial Direct Current Stimulation
Decrease  the Magnitude of Secondary
Hypersensitivity? (n =4). Four studies used
transcranial direct current stimulation and anticipated a
decrease in secondary hypersensitivity. All 4 studies used
different methods for induction and transcranial direct
current stimulation. One study®® induced secondary
hypersensitivity using the application of topical capsaicin.
Ten minutes after the induction ceased, either anodal
transcranial direct current stimulation (experimental
condition) or sham stimulation was applied over the
primary motor cortex for 20minutes at 2 separate
sessions. Ratings were significantly lower after the
anodal transcranial direct current stimulation than the
sham stimulation. A second study”' induced secondary
hypersensitivity using heat and application of topical
capsaicin while exposing participants to 20 minutes of
anodal (experimental condition a), cathodal
(experimental condition b), or sham (control condition)
transcranial direct current stimulation applied over the
primary motor cortex at 3 separate sessions. Ratings were
significantly lower after anodal than sham transcranial
direct current stimulation of the motor cortex. However,
there was no significant difference in ratings after
cathodal than sham transcranial direct current
stimulation of the primary motor cortex. A third study®”
exposed participants to 20 minutes of either anodal
(experimental condition a), cathodal (experimental
condition b), or sham (control condition) transcranial
direct current stimulation applied over the dorsolateral
prefrontal cortex at 3 separate sessions. Ten minutes after
the stimulation, they induced secondary hypersensitivity
using high-frequency electrical stimulation. There was no
significant difference in ratings after anodal compared to
sham, and cathodal compared to sham transcranial direct
current stimulation applied over the dorsolateral
prefrontal cortex. A fourth study®® exposed participants
to 20minutes of anodal transcranial direct current
stimulation applied over the 1) primary motor cortex, 2)
dorsolateral prefrontal cortex, or 3) primary motor cortex
and dorsolateral prefrontal cortex concurrently (all
experimental conditions), or sham stimulation at 4
separate sessions. Thereafter (time point not reported)

THE JOURNAL OF PAIN

secondary hypersensitivity was induced using low-
frequency  electrical  stimulation.  Ratings  were
significantly lower after transcranial direct current
stimulation applied over the primary motor cortex
compared to the sham stimulation and at the
dorsolateral prefrontal cortex compared to the sham
stimulation. There was no significant difference in
ratings after concurrent stimulation of the primary
motor cortex and dorsolateral prefrontal cortex
compared to the sham stimulation. In summary, anodal
transcranial direct current stimulation applied over the
primary motor cortex was found to diminish the
magnitude of experimentally induced secondary
hypersensitivity. There were conflicting findings on the
effect of anodal transcranial direct current stimulation
applied the over dorsolateral prefrontal cortex (no effect:
n=1%; diminished pinprick perception: n= 1. However,
neither anodal transcranial direct current stimulation
applied over the primary motor cortex and dorsolateral
prefrontal cortex concurrently, nor cathodal transcranial
direct current stimulation applied over the primary motor
cortex, diminished the magnitude of experimentally
induced secondary hypersensitivity.

Does Thermal Stimulation Decrease the Magnitude
of Secondary Hypersensitivity? (n=2). Two studies
used thermal stimulation and anticipated a decrease in
secondary hypersensitivity. Baron et al*® induced
secondary hypersensitivity using intradermal capsaicin
injection while heating or cooling the whole body
except the test site. There was no significant difference
in ratings between whole-body heating and cooling.
Werner et al®® induced secondary hypersensitivity using
a burn injury at both calves. Eight minutes after the
induction ceased, one of the induction sites
(experimental condition) was cooled with an 8°C
contact thermode for 30 minutes. The contralateral
induction site served as the control condition. There
was no significant difference in ratings between the
conditions. In summary, neither of the 2 studies found
thermal stimulation to diminish the magnitude of
experimentally induced secondary hypersensitivity.

Does Recent Emotional Disclosure Decrease the
Magnitude of Secondary Hypersensitivity? (n=1). One
study used written emotional disclosure and anticipated a
decrease in secondary hypersensitivity. You et al51 recruited
women who self-reported trauma (consisting of trauma at
an age less than 17 years old, and recent trauma within the
previous 3 years) or no trauma. All participants were
randomized to engage in a writing task requiring either
emotional disclosure (experimental group) or no emotional
disclosure (control group). Four and 30 days after the
manipulation, secondary hypersensitivity was induced using
application of topical capsaicin. At both 4 and 30 days, there
was no significant difference in ratings between those who
engaged in the emotional disclosure task compared to those
in the control group. However, in the emotional disclosure
group, the magnitude of secondary hypersensitivity was
significantly greater in participants with a history of trauma
than in participants without a history of trauma. Conversely,
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at 30 days, in the emotional disclosure group, the magnitude
of secondary hypersensitivity was significantly smaller in
participants with a history of trauma than in participants
without a history of trauma. The authors suggest that, in
people with a history of trauma, written emotional
disclosure was found to increase the magnitude of
experimentally induced secondary hypersensitivity at 4 days
but diminish the magnitude of experimentally induced
secondary hypersensitivity at 30 days after the manipulation.

Manipulations Hypothesized to Increase the
Magnitude of Secondary Hypersensitivity (n = 3)

Three (of the 14) studies that assessed the magnitude
of secondary hypersensitivity used manipulations that
were hypothesized to increase secondary hypersensi-
tivity: diversion of attention (n = 1), nicotine deprivation
(n=1), and negative suggestion (n=1). Ratings to me-
chanical punctate stimulation for these 3 studies are
reported in Table 6.

Does Directing Attention to the Induction Site
Increase the Magnitude of  Secondary
Hypersensitivity? (n=1). One study diverted
participants’ attention and anticipated an increase in the
magnitude of secondary hypersensitivity. Filbrich et al*®
induced secondary hypersensitivity using high-frequency
electrical stimulation simultaneously at both forearms.
During the induction, participants performed a
somatosensory detection task requiring them to focus
their attention on one forearm (experimental site) rather
than the contralateral forearm (control site). At
20 minutes after the induction, ratings were significantly
greater at the experimental than at the control site. This
suggests that directing attention toward the induction
site during high-frequency electrical stimulation was
found to increase the magnitude of experimentally
induced secondary hypersensitivity.

Does Nicotine Deprivation Increase the Magnitude
of Secondary Hypersensitivity? (n=1). One study
used nicotine deprivation and anticipated an increase
in the magnitude of secondary hypersensitivity. Ditre
et al>® deprived a cohort of habitual smokers of nicotine
for 12 to 24 hours (extended deprivation experimental
group) or 2hours (minimal deprivation experimental
group b). The control group consisted of smokers who
were allowed to continue smoking. The extended
deprivation group was deprived of nicotine for a
mean = SD of 17 hours, 31 minutes + 6 hours,
7 minutes. The minimal deprivation group was
deprived of nicotine for a mean = SD of 2hours,
5minutes + 21 minutes. After the manipulation,
secondary hypersensitivity was induced using the
application of topical capsaicin. Ratings were
significantly greater among the extended nicotine-
deprived participants than the control group. There
was no significant difference in ratings between
participants in the extended deprivation group and
those in the minimal deprivation group. This suggests
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that extended nicotine deprivation of 12 to 24 hours
was found to increase the magnitude of experimentally
induced secondary hypersensitivity.

Does Negative Suggestion Increase the Magnitude
of Secondary Hypersensitivity? (n=1). One study
informed participants that after the induction the skin
would be “more sensitive to the pinprick stimulation”
and anticipated an increase in the magnitude of
secondary hypersensitivity. van den Broeke et al®’
either warned participants about increased skin
sensitivity from the induction (experimental group) or
gave no such warning (control group). Then, secondary
hypersensitivity was induced using high-frequency
electrical stimulation. Ratings were significantly
greater in the experimental than the control group.
This suggests that the negative suggestion about the
induction was found to increase the magnitude of
experimentally induced secondary hypersensitivity.

Pooling of Studies

Two subgroups of manipulation were identified and
considered for pooling: 1) diversion of attention (n =4),
Experiments 2 and 3,737 and 2) transcranial direct
current stimulation (n=4, data required for meta-ana-
lysis were unavailable from one study).’***° However,
there was noteworthy clinical heterogeneity among the
studies that used diversion of attention (specifically, use
of non-comparable rating scales), and meta-analytical
pooling of those data would not add value to this re-
view. For the studies that used transcranial direct cur-
rent stimulation, we generated forest plots using the
standardized mean difference, with a random effects
model (Supplementary File 5).

Evidence Quality: Transcranial Direct
Current Stimulation

We used the GRADE criteria to assess the quality of
the evidence provided by the studies that used tran-
scranial direct current stimulation (Table S1,
Supplementary File 6). Given that 3 (of the 4) studies
had an unclear risk of performance and detection bias
and the remaining study had a high risk of performance
and detection bias for inadequate blinding, we down-
graded the risk of bias by one, indicating that there is a
serious limitation in the risk of bias in this evidence
base. There was no indirectness, nor was there im-
precision, and results were consistent across studies
(view forest plot in Supplementary File 5). Therefore,
there were no downgrades for these domains. Overall,
the certainty of evidence that transcranial direct current
stimulation can reduce the magnitude of experimen-
tally induced secondary hypersensitivity was scored as
‘moderate’, meaning that further research is likely to
have an important impact on our confidence in the es-
timate of effect and may change the estimate.
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Secondary Outcomes

The Effect of Manipulation on Area of
Secondary Hypersensitivity (n=19)

Nineteen (of the 26) studies assessed the effect of
manipulation on the surface area of secondary hy-
persensitivity. Table 5 summarizes the rationale for each
manipulation and the hypothesized and observed di-
rections of the effects of each manipulation on the area
of secondary hypersensitivity.

Manipulations Hypothesized to Decrease the
Area of Secondary Hypersensitivity (n = 16)

Sixteen (of 19) studies that assessed surface area of
secondary hypersensitivity used manipulations hy-
pothesized to decrease the area of secondary hy-
persensitivity: thermal stimulation (n=6), transcranial
direct current stimulation (n=2), hyperbaric oxygen
therapy (n=2), written emotional disclosure (n=1),
cognitive behavioral therapy (n=1), placebo analgesia
(n=10), spinal manipulation therapy (n=1), acu-
puncture (n=1), and electroacupuncture (n=1). The
area of secondary hypersensitivity for these 20 studies
are reported in Table 7.

Does Thermal Stimulation Decrease the Area of
Secondary Hypersensitivity?(n =6). Six studies used
thermal stimulation and anticipated a decrease in the
surface area of secondary hypersensitivity. For 3 of the
studies, all reported by Yucel et al*® we were unable to
obtain the data; however, they reported no significant
difference in the area of secondary hypersensitivity
after thermal stimulation for all 3 studies. A fourth
study”®> induced secondary hypersensitivity using
intradermal capsaicin injection while heating or
cooling the whole body except the test site. There was
no significant difference in the area of secondary
hypersensitivity after whole body heating than after
cooling. A fifth study®® induced secondary
hypersensitivity using a burn injury at both calves.
Eight minutes after the induction ceased, one of the
induction sites (experimental condition) was cooled
with an 8°C contact thermode for 30 minutes. The
contralateral induction site served as the control
condition. There was no significant difference in the
area of secondary hypersensitivity between the
conditions. A sixth study®® induced secondary
hypersensitivity using intradermal capsaicin injection.
Eight minutes after the induction, the induction site was
exposed to 30-second trials of contact cooling with a
thermode at 20°C, 10°C, or 0°C (randomized order).
The area of secondary hypersensitivity was significantly
larger after cooling than before cooling. In summary,
none of the 6 studies found thermal stimulation to
diminish the area of experimentally induced secondary
hypersensitivity; however, no data were provided to
support the conclusion for 3 (of the 6 studies)
Experiments 1, 2, and 3.>® Additionally, 1 (of the 6)
found an unexpected increase in the area of

THE JOURNAL OF PAIN

experimentally induced
after cold stimulation.

secondary hypersensitivity

Does Transcranial Direct Current Stimulation
Decrease the Surface Area of Secondary
Hypersensitivity?  (n=2). Two  studies  used
transcranial direct current stimulation and anticipated
a decrease in the surface area of secondary
hypersensitivity. In one study,”’ induced secondary
hypersensitivity using heat and application of topical
capsaicin while exposing participants to 20 minutes of

anodal (experimental condition a), cathodal
(experimental condition b), or sham (control
condition) transcranial direct current stimulation

applied over the primary motor cortex, at 3 separate
sessions. The area of secondary hypersensitivity was
significantly smaller after anodal than after cathodal
transcranial direct current stimulation of the primary
motor cortex. However, there was no significant
difference in the area of secondary hypersensitivity
after anodal than sham transcranial direct current
stimulation of the motor cortex. A second study®
exposed participants to 20minutes of anodal
(experimental condition a), cathodal (experimental
condition b) or sham transcranial direct current
stimulation applied over the dorsolateral prefrontal
cortex at 3 separate sessions. Ten minutes after the
stimulation, secondary hypersensitivity was induced
using high-frequency electrical stimulation. There was
no significant difference in the area of secondary
hypersensitivity after anodal than sham, or cathodal
than sham transcranial direct current stimulation
applied over the dorsolateral prefrontal cortex. In
summary, anodal transcranial direct current
stimulation applied over the primary cortex or
dorsolateral prefrontal cortex was found to diminish
the area of experimentally induced secondary
hypersensitivity in 1 study. However, cathodal
transcranial direct current stimulation applied over the
primary cortex or dorsolateral prefrontal cortex did not
diminish the area of experimentally induced secondary
hypersensitivity in 2 studies.

Does Hyperbaric Oxygen Therapy Decrease the Surface
Area of Secondary Hypersensitivity? (n =2). Two studies
used hyperbaric oxygen therapy and anticipated a decrease in
the surface area of secondary hypersensitivity. Both
studies*** induced secondary hypersensitivity using a burn
injury. Then, participants were exposed to 90 minutes
hyperbaric oxygen therapy (2.4 atmospheric pressure, 100%
O,; experimental condition) or ambient pressure at room air
(1 atmospheric pressure, 21% O,; control condition). In both
studies, the area of secondary hypersensitivity was
significantly smaller after hyperbaric oxygen therapy than
the control condition. Therefore, hyperbaric oxygen therapy
was found to diminish the area of experimentally induced
secondary hypersensitivity.

Does  Acupuncture or
Decrease the Surface

Electroacupuncture
Area of Secondary



1787

G9'= AN|BA-] 18 SNSIAA | UOISSIS
:dnoub josuod

Q"> 9NjeA-d :8 SNSIDA | UOISSAS
:dnoJb [eyuswadX3

(08'8) 81 '8 UOISSaS
(62°9) G i1 UOISSS

(LE'L) 8'6C ‘8 UOISSDS

(10°2) 8Y :1 UoIssas Anfur uing

(#7102 e 12 suowoles

(1 =u) Adelsay} |eloineysq anHubOD)
G0 > °njen-4 :sdnoib
|0J}UOD SNSIDA |erUBWIIRAXD BUINES} YHAA
GZ0 > anjend ‘ewnesy
ou snsiaA ewnes dnolb |eyuswiiadxs Ul

:shep o€ (09) Sv ‘ewnel} oN (09) 00L
GZ0 > 9njea-d :ewnely (09) 06 :pwnel} Jo AIOISIY YUAA  :Buwinet} ON(OE) Of :ewnes} Jo AIoIsiy YHAA
0uU SnsJaA ewnely dnolb [eyuswiiadxs uj :shep o€ :shep o€

NON-PHARMACOLOGICAL METHODS MANIPULATE HYPERSENSITIVITY

THE JOURNAL OF PAIN

G0 > anjen-4 :sdnolb

|0J1UOD SNSISA _mwcwE_‘_wQXw ewneJ} yupa

:shep ¢

8¥76'= 9NjeAd

paiiodas 10N

L ¢0— anjend
L10'= an[end

paniodal 10U :epoyied

paniodal Jou :jepouy

G/0’'= aN|eA-d :[EPOYIED SA [BPOUY
panodal 10U :epoyied

paniodal Jou :jepouy

panodal JoN
¥ < anjead
payodal 10N
panodal J0N
panodal 10N
pauodas 10N

(22) 0/ ‘ewneiy oN
(€€) §9 ‘ewnei} jo A0IsIY YHAA
skep

(S) 05

06

(6°€v-1'07) 0'2€
WL-11e) 0Ty

8Y F 6. :D4d10 18 [EPOYIEd Weys
8Y ¥ 6. :D4d70 18 [epOUR Weys

Z1L F 9 'LIN 1e |epoyied weys
ZL F 9 LA 1e [epoue weys

(1)ol

(L¥) 19

€L 98

9|gejieAeun pue panodal Jou eleq
3|q
9|gejleneun pue pauodal Jou eleq

IeABUN pue patiodal Jou ereq

(€£2) 0/ ‘ewneiy oN
{09} 0€ 1 :ewnedy jo Aioisiy yum
:shep ¢

{9 v
6

(0°zz-5°01) 881
(8'6£-6'70) 97E

¢S F €/ 54470 1€ [epoyied
8F F €/ :D4d1d 1e [epouy
9 F ¢l ‘LN 1e [epoyied
mHFN“:\/:m_mUoE\

(vl

(ov) s¥

€1 ¥ 88

9|gejleAeun pue paniodai Jou eleq
9|gejleAeun pue paniodai J0ou eleq
9|ge|leAeUN pue paniodal 10U eleq

upiresded |eoido]

uplesded [edidol pue 1esH

uonaful uplesded [ewiapediul

Ainfur uing
Ainfur uing

uonejnwins
[eo19)e Aduanbauy-ybiH

uplesded |edidoy pue 1esH

(7102) |2 18 NOA

(1 =U) aInsopsIp [euonowy
(6102) [e 13 buayz

(1 = u) 21npUNdN>e0.1393
+(107) [e 18 uioygay

(1 = u) ainppundndy

(6107) le 12 dnaspig ‘|yem
(S5102) | 19 usssnuwisey

(z = u) Adeuayy usbAxo duequadAH

(2207) |e 18 Hoehals

(6102) [e 12 421N

(Z =U) UOIBINWIS JUSLIND 1D3JIP |ejueldsuel]

uoaful upiesded [ewiapediul
Ainful uing

uonoaful uplesded [ewiapediul
Ainfur uing

uoiaful upiesded [ewiapediul
upresded |eoido]

(9007) e 19 pnd

(2007) [e 13 JauIdM

(6661) |e 19 Uoleg

€ 1uaWuRdx3 (1007) [P 19 [92NA
Z Wawusdx3 (1007) [P 19 [92NA
L Juswadx3 (100) [e 12 [92NA
(9 =u) uone|nuwns [ewisyl

9sealda(

3zis 133443

NOILIGNOD T0YLNOD

NOILIGNOD TVLNIWIYIIXT

(4OI) NvIaaw ¥0 “(NFS) NVIW ‘S F NV

ﬁNSDy ALIAILISNISYIdAH AYVANODIS 40 VIYY IDV4dNG

JOHLIW NOILONAN|

Aanis

133443

40 NOIL33¥1d d3Ld3dXq

(91 = u) ApausuasiadAy

K1epuo>3g jo ealy 3depNg 3y} Aseadu| 10 aseasna o0} papadx3y yey) suonejndiuepy 10} AyasuasiadAy A1epuodas o ealy 3depng L 3lqeL



THE JOURNAL OF PAIN

BEDWELL

1788

;WD 0} (319Y pariodas pue) pIUSAUOD ‘,Ww Ul papodal eale adepns,
‘Wi Ul (348y pajuasald pue) papiodas eale adepns,

10/d 3Y1 4O INIS Y} peas AS1eindde 03 9|qissod 10U Sem 1 ISAIMOY (NFS) uesw se parussaid eleq,

zee= anjend
800'= aNjeA-d

pauodas 10N

SV F GGl ‘9ewsd SV F ST 9ewsS
:0G F 6L 9N .0'G ¥ 8l BeN

81'9S F 56'09 :uoneAudap [ewiuln

uplesded |edido| (8102) [e 13 yuws
(1 =u) uondnusip das|s

S0 > anjen YLLE F LOSY L1°GS F 86°L/ :uolieAudap papuaix3 upiesded [esido) (8107) e 1@ 2@
(1 = u) uoneAudap aunodIN
100" > anjead LZE F 0T [eipaw-|eiae] LY F EE ([eipaw-|eiae] uonenwins
90— 9njend L9 F 09 :[elsIp-[ewIX0ld L9 F 69 ‘|elsIp-[ewix0old |ed1333j9 Aduanbauy-ybiH (0Z02) Ie 12 Yuq
(1 =Uu) 9}is uondNPUI 8y} 0} uonualie budalg asealnu|
(7007) [e 1 saAjesu0D
£00'= dn[eAd (oL) s¥ () LT upiesded [edido) ‘UeipelWeYON
(1 = u) Adesayy uonendiuew [euids
200°= 3N|BA-d i€ SNSIDA Z UOISSDS
dnoub |pyusWIIRdX UIyIM uoSlledwod)
paliodas J0U € UOISSIS
pau0dal 10U 17 UOISSSS
paijodas 10U ;| UOISSS (001) 0G :€ UOISSaS (08) S :€ UOISSaS
dnoub |osuod (0S1) 0G :Z uoIssas (G/) G9 :Z uoIssas
pue |eluswiiadxa usamiag uosiledwod (S6) 0G 1 UOISSaS (06) G9 :1 UOISSaS Ainfur uing
(1 =u) eisebjeue ogade|d
133443
3zIs 153443 NOILIGNOD TOY¥LNOD NOILIGNOD TVINIWIYIIXT dOHL3IW NOILONAN| Aanig 40 NOI1>3¥1d d31>3dXq

(4O1) NvIaaw ¥0 “(N3S) NVIW ‘gS F NV
(MN2) ALIAILISNISYIAAH AYYANODIS 40 V¥V IDVHINS

(ponunuo)) (£ 9|qel



THE JOURNAL OF PAIN

Hypersensitivity? (n=1 each). One study used
acupuncture and anticipated a decrease in the surface
area of secondary hypersensitivity. Rebhorn et al*®
induced secondary hypersensitivity using intradermal
capsaicin injection and then exposed participants to
either traditional Chinese Medicine acupuncture
(experimental group) or sham acupuncture (control
group). There was no significant difference in the area
of secondary hypersensitivity between groups. Zheng
et al”’ induced secondary hypersensitivity using heat
and application of topical capsaicin and then exposed
participants to 30 minutes of either electroacupuncture
(experimental group) or sham electroacupuncture
(control group). There was no significant difference in
the area of secondary hypersensitivity between groups.
In summary, neither acupuncture nor
electroacupuncture was found to diminish the area of
experimentally induced secondary hypersensitivity.

Does Recent Emotional Disclosure Decrease the Surface
Area of Secondary Hypersensitivity? (n=1). One study
used written emotional disclosure and anticipated a decrease
in the surface area of secondary hypersensitivity. You et al®’
recruited women who self-reported trauma (consisting of
trauma at an age less than 17 years old, and recent trauma
within the previous 3 years) or no trauma. All participants
were randomized to engage in a writing task requiring either
emotional disclosure (experimental group) or no emotional
disclosure (control group). Four and 30 days after the
manipulation, secondary hypersensitivity was induced using
the application of topical capsaicin. At 4 days, in participants
with a history of trauma, the area of secondary
hypersensitivity was significantly /arger in the emotional
disclosure group than in the control group. Additionally, in
the emotional disclosure group, the area of secondary
hypersensitivity was significantly /arger in participants with
a history of trauma than in participants without a history of
trauma. There was no significant between-group difference
for participants with no trauma. Conversely, at 30 days, in
participants with a history of trauma, the area of secondary
hypersensitivity was significantly smaller in the emotional
disclosure group than in the control group. Additionally, in
the emotional disclosure group, the area of secondary
hypersensitivity was significantly smaller in participants with
a history of trauma than in participants without a history of
trauma. Again, there was no significant between-group
difference for participants with no trauma. This suggests
that, in people with a history of trauma, written emotional
disclosure was found to increase the area of experimentally
induced secondary hypersensitivity at 4 days but diminish the
area of experimentally induced secondary hypersensitivity 30
days after the manipulation.

Does Cognitive Behavioral Therapy Decrease the Surface
Area of Secondary Hypersensitivity? (n=1). One study
used cognitive behavioral therapy and anticipated a decrease
in the surface area of secondary hypersensitivity. During 8
sessions, Salomons et al*’ trained participants in either
5 minutes of cognitive behavioral therapy which was focused
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on reducing participants’ negative thoughts and emotions
towards painful stimuli (experimental group) or 5 minutes of
interpersonal effectiveness training which was focused on
managing demands and expectations of others (control
group). At each session, after the 5minutes of training in
cognitive behavioral therapy, participants were exposed to
brief thermal stimulations. The area of secondary
hypersensitivity was assessed at the first and last (8th)
sessions only. At the last session, the area of secondary
hypersensitivity was significantly smaller in participants who
received cognitive behavioral therapy than in the control
group. This suggests that repeated sessions of cognitive
behavioral therapy was found to diminish the area of
experimentally induced secondary hypersensitivity.

Does Placebo Analgesia Decrease the Surface Area
of Secondary Hypersensitivity? (n=1). One study
used placebo analgesia and anticipated a decrease in
the surface area of secondary hypersensitivity.
Participants were informed either that “the aim of the
study was to test the analgesic effectiveness of a
magnet against heat pain” (experimental group) or
that “the aim of the study was to investigate
hypersensitivity of the skin after a heat stimulus”
(control group). Secondary hypersensitivity was
induced at 3 sessions, separated by 4 to 7 days, using
a burn injury to 1 arm. The magnet (ie, placebo
analgesia) was attached to the arm during the
induction at the third session only. At the third
session, the area of secondary hypersensitivity was
significantly smaller in participants who received the
induction in the presence of the magnet, that is,
placebo analgesia than in the control group.
Additionally, in participants in the experimental
group, the area of secondary hypersensitivity was
significantly smaller at the third session when the
magnet, that is, placebo analgesia was present than
the second session when the magnet was absent. This
suggests that placebo analgesia was found to diminish
the area of experimentally induced secondary
hypersensitivity.

Does Spinal Manipulation Therapy Decrease the Surface
Area of Secondary Hypersensitivity? (n=1). One study
used spinal manipulation and anticipated a decrease in the
surface area of secondary hypersensitivity. Mohammadian
et al™ induced secondary hypersensitivity using topical
capsaicin. Approximately 10 minutes after the removal of the
capsaicin  cream, participants were exposed to either
15minutes of manual spinal manipulation applied to
relocate thoracic vertebrae that were deemed to have
subluxed (experimental condition) or non-spinal
manipulation (control condition). The area of secondary
hypersensitivity was significantly smaller after the spinal
manipulation than the control condition. This suggests that
spinal manipulation was found to diminish the area of
experimentally induced secondary hypersensitivity.

In summary, anodal transcranial direct current sti-
mulation (n=2), hyperbaric oxygen therapy (n=2),
written emotional disclosure (n=1; only in participants
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with history of trauma), cognitive behavioral therapy
(n=1), placebo analgesia (n=1), and spinal manipula-
tion therapy (n=1) were found to diminish the surface
area of secondary hypersensitivity. Conversely, none of
thermal stimulation (n=3), acupuncture (n=1), nor
electroacupuncture (n=1) diminished the surface area
of secondary hypersensitivity. Four studies failed to re-
port their results, and one study reported an un-
expected increase in the surface area of secondary
hypersensitivity after cold thermal stimulation.

Manipulations Hypothesized to Increase the Area
of Secondary Hypersensitivity (n=3). Three (of 20)
studies that assessed surface area used manipulations
hypothesized to increase the surface area of secondary
hypersensitivity: diversion of attention (n=1), nicotine
deprivation (n=1), and sleep deprivation (n=1). The
area of secondary hypersensitivity for these 3 studies is
reported in Table 7.

Does Directing Attention to the Induction Site
Increase the Surface Area of Secondary
Hypersensitivity?(n=1). One study diverted
participants’ attention and anticipated an increase in
the surface area of secondary hypersensitivity. Filbrich
et al°® induced secondary hypersensitivity using high-
frequency electrical stimulation simultaneously at both
forearms. During the induction, participants performed
a somatosensory detection task requiring them to focus
their attention on one forearm (experimental site)
rather than the contralateral forearm (control site).
Along the medial-lateral axis, the area of secondary
hypersensitivity was larger at the experimental site than
the control. However, along the proximal-distal axis,
there was no significant difference in the area of
secondary hypersensitivity between the sites. This
suggests that directing attention towards the
induction site during high-frequency electrical
stimulation was found to increase the area of
secondary hypersensitivity along the medial-lateral axis.

Does Nicotine Deprivation Increase the Surface
Area of Secondary Hypersensitivity? (n=1). One
study used nicotine deprivation and anticipated an
increase  in  the surface area of secondary
hypersensitivity. Ditre, Zale (54) deprived a cohort of
habitual smokers of nicotine for 12 to 24hours
(extended deprivation experimental group) or 2 hours
(minimal deprivation experimental group b). The
control group consisted of smokers who were allowed
to continue smoking. The extended deprivation group
was deprived of nicotine for a mean + SD of 17 hours,
31 minutes = 6 hours, 7 minutes. The minimal
deprivation group was deprived of nicotine for a
mean = SD of 2hours, 5minutes + 21 minutes. After
the manipulation, secondary hypersensitivity was
induced using the application of topical capsaicin. The
area of secondary hypersensitivity was significantly
larger among the extended nicotine-deprived
participants than the control group. There was no

THE JOURNAL OF PAIN

significant difference in the area of secondary
hypersensitivity between participants in the extended
deprivation group and those in the minimal deprivation
group. This suggests that nicotine deprivation of 12 to
24 hours among smokers was found to increase the area
of experimentally induce secondary hypersensitivity.

Does Sleep Disruption Increase the Surface Area of
Secondary Hypersensitivity? (n=1). One study used
sleep disruption and anticipated an increase in the area
of secondary hypersensitivity. Smith, Remeniuk (46)
exposed participants to 2 consecutive nights of sleep
disruption (experimental group) or 2 nights of
undisturbed sleep (control group). Thereafter,
secondary hypersensitivity was induced using the
application of topical capsaicin. In males only (n=33),
the area of secondary hypersensitivity was significantly
larger after sleep disruption than after undisturbed
sleep. However, this effect was not seen in female
participants (n=46). This suggests that sleep
disruption was found to increase the area of
experimentally induce secondary hypersensitivity in
male participants.

Pooling of Studies

Three subgroups of manipulation were considered for
pooling: 1) thermal stimulation (n =6) Experiments 1, 2,
and 3,73%85>°¢ 2) transcranial direct current stimulation
(n=2),*"? and 3) hyperbaric oxygen therapy (n = 2).°**3
However, the data required for meta-analysis were
unavailable from 3 of the 6 studies that used thermal
stimulation, and 1 of the 2 studies that used transcranial
direct current stimulation. Therefore, it was only fea-
sible to pool data from the 2 studies that used hy-
perbaric oxygen therapy. It was not appropriate for any
other studies to be pooled given the high heterogeneity
in the manipulation procedures. We generated forest
plots using the standardized mean difference, with a
random effects model (Supplementary File 7).

Assessment of the Quality of Body of
Evidence

We used the GRADE criteria to assess the quality of
the evidence provided by the studies that used hy-
perbaric oxygen therapy for (Table S2, Supplementary
File 6). Given that both had a high risk of performance
and detection bias for inadequate blinding, we down-
graded the risk of bias by one, indicating that there is a
serious limitation in the risk of bias in this evidence
base. There was no indirectness nor were there im-
precision, and results were consistent across studies
(view forest plot in Supplementary File 7). Therefore,
there were no downgrades for those domains. Overall,
the certainty of evidence that hyperbaric oxygen
therapy can reduce the surface area of experimentally
induced secondary hypersensitivity was scored as
‘low'—meaning that further research is very likely to
have an important impact on our confidence in the es-
timate of effect and is likely to change the
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estimate—because of the serious limitations in the risk
of bias and the small total sample of 36 participants.

Time Course of Secondary
Hypersensitivity

No study directly reported the time to resolution of
secondary hypersensitivity. However, 7 (of 14) studies
Experiments 2 and 32'424346:52.56.58 that assessed the
magnitude of secondary hypersensitivity plotted ratings
to mechanical punctate stimulation over time and 5 (of
19) studies #2#347:5556 that assessed the surface area of
secondary hypersensitivity plotted the surface area over
time in a way that allows for direct visual comparison
between experimental and control groups. For magni-
tude of secondary hypersensitivity, 6 (of the 7) showed
no visually obvious group differences in the develop-
ment of secondary hypersensitivity. The remaining
study”® showed a more rapid development of secondary
hypersensitivity in the experimental than in the control
group. For surface area of secondary hypersensitivity, 3
(of 5) showed no visually obvious group differences in
the development of secondary hypersensitivity. The re-
maining 2 studies**°° showed a more rapid develop-
ment of secondary hypersensitivity in the experimental
than in the control condition, in other words the surface
area of secondary hypersensitivity developed to a
higher peak in the experimental than control condition,
resulting in a steeper slope.

Pain (n =4) and Other Adverse events
(n =7) Associated With the Manipulations

Four (of 27) studies assessed pain during manipula-
tion procedures, of which 2 used localized application
of a cold contact thermode®>*® and 2 used transcranial
direct current stimulation.®’®> Both studies using a cold
contact thermode took ratings on a 0 to 100 scale and
provided data on 4 different cold temperatures. The
mean * SD/(range) ratings were: for a 20°C stimulus:
9.1 + 0.9°%; for a 10 °C stimulus: 7.9 = 0.9°°; for an 8°C
stimulus: 0 (0-1)°% for a 0°C stimulus: 15.1 + 1.3.°°
Notably, although Pud, Yarnitsky et al (2006) refer to
the 20 °C stimulus as a painful stimulus, a 20 °C stimulus
is not noxious and is unlikely to be perceived as painful.
In the 2 studies using transcranial direct current stimu-
lation, one study*’ reported headache (anodal: n =4 of
18, cathodal: n =3 of 18; and sham: n =4 of 18) and neck
pain (anodal: n=4 of 18, cathodal: n=2 of 18; and
sham: n=3 of 18), while the other study“® reported no
significant differences in headache and neck pain after
anodal than after sham transcranial direct current sti-
mulation.

Seven (of 27) studies®**"47:53:60.61 5¢sessed other ad-
verse events to the manipulation. Three (of the 7) re-
ported no adverse events, to hyperbaric oxygen therapy
(n=2) or electroacupuncture (n=1). A fourth study”’
assessed but did not report on adverse events of the
transcranial direct current stimulation manipulation. A
fifth study>® assessed self-reported symptoms of nico-
tine withdrawal using the Minnesota Nicotine
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Withdrawal Scale®® and found no significant difference
in the scores between groups. Further, the scores were
relatively low, indicating minimal self-reported symp-
toms of nicotine withdrawal. The remaining 2 (of the 7)
studies used transcranial direct current stimulation.
One* reported blurred vision (anodal: n=1 of 18;
cathodal: n=1 of 18), scalp irritation (anodal: n=3 of
18; cathodal: n=3 of 18), tingling (anodal: n=3 of 18;
cathodal: n=1 of 18; sham: n=1 of 18), itching (anodal:
n =3 of 18; cathodal: n=1 of 18; sham: n=1 of 18), and
burning sensation (anodal: n =3 of 18; cathodal: n =3 of
18; sham: n=1 of 18) after transcranial direct current
stimulation. The other®® reported significantly more
itching, tingling, and burning sensation during anodal
transcranial direct current stimulation over the primary
motor and dorso-lateral prefrontal cortices concurrently
than over each cortex separately. It also reported more
heat and discomfort during anodal transcranial direct
current stimulation over the primary motor and dorso-
lateral prefrontal cortices concurrently or only over the
primary motor than over only the dorso-lateral pre-
frontal cortex. Overall, hyperbaric oxygen therapy,
electroacupuncture, or nicotine withdrawal were asso-
ciated with no adverse events, whereas transcranial di-
rect current stimulation was associated with blurred
vision, scalp irritation, tingling, itching, and burning
sensation.

Publication Bias

Although we initially planned and stated in the pro-
tocol that we would assess publication bias with the use
of funnel plots, given the small sample size and high
methodological heterogeneity, we believed that funnel
plots would not add value.

Discussion

The aim of this systematic review and meta-analysis
was to understand the influence of non-pharmacolo-
gical manipulations on experimentally induced sec-
ondary hypersensitivity in adult humans without clinical
pain. We identified 27 eligible studies that used non-
pharmacological manipulations expected to influence
the magnitude (primary review outcome) and/or surface
area (secondary review outcome) of secondary hy-
persensitivity. As explained in the Veracity of manip-
ulation section, one study® reported their threat
manipulation to be ineffective; therefore, their data
were not useful for answering the research question
and were not reported for the review outcomes. We
reported on a total of 26 datasets.

Manipulations of Attention

Engagement in a more cognitively demanding task
had a stronger effect on the pinprick perception in the
secondary zone than engagement in a less demanding
task. This was shown in 2 studies, across tasks that either
loaded working memory”" or required discrimination
between faces.? The influence of cognitive loading on
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pain may reflect cognitive tasks competing with in-
coming nociceptive signals, reducing cognitive re-
sources to incoming somatosensory signals.”®’ Indeed,
the cortical areas activated by cognitively demanding
tasks overlap with those associated with pain proces-
sing, including the anterior cingulate, dorso-lateral
prefrontal, and posterior parietal cortices.®*’> How-
ever, a recent study’’ tried to replicate the findings of
Torta et al’’ but instead found that the same high
cognitive load task did not prevent the development of
secondary hypersensitivity.

Another insight from the 6 datasets on manipulations
of attention is that diverting attention away from the
induction diminished the magnitude of secondary hy-
persensitivity (1 study’’), whereas diverting attention
toward the induction site increased the magnitude of
secondary hypersensitivity (1 study®®). These results add
to a separate body of evidence that attention is closely
associated with reported pain severity: focusing atten-
tion away from a painful stimulus is linked to decreased
pain severity,®””*~’® whereas focusing attention toward
a painful stimulus is linked to increased pain severity.”®
That evidence is mostly based on the brief thermal or
electrical painful stimuli instead of experimental sec-
ondary hypersensitivity. However, partial reinforcement
of this principle is provided by 3 (of 6) datasets in the
current review that manipulated attention during me-
chanical punctate stimulation sensory testing (ie, brief
painful stimuli): two found that diverting attention
during mechanical punctate stimulation diminished the
magnitude of secondary hypersensitivity. Conversely, a
recent study’’ tried to replicate the findings of Filbrich,
van den Broeke (59) but instead found that diverting
attention towards the induction site had no effect on
the magnitude of secondary hypersensitivity. The con-
tradictory findings in these 2 replication studies ’*7°
cast doubt on the potency of manipulations of atten-
tion in influencing experimentally induced secondary
hypersensitivity.

One caveat, when interpreting findings on manip-
ulating attention, is the high risk of measurement bias in
the 3 datasets that engaged participants in a cognitive
loading task during mechanical punctate stimulation (the
other 3 studies applied the manipulation of attention
during the induction and not during mechanical punctate
stimulation). During mechanical punctate stimulation,
some participants might direct their attention towards the
painful stimulus to give a meaningful rating, thus breaking
engagement in the cognitive loading task and presumably
reducing the effect of the manipulation. Other partici-
pants might direct attention away from the painful sti-
mulus and towards the cognitive loading task as
instructed, compromising the validity of the ratings. None
of these studies presented data to identify which strategy
(ies) their participants used. Other studies have suggested
that certain individuals are more likely to focus on a
painful stimulus than a cognitive loading task, and vice
versa, when the 2 requirements are applied concurrently,’”
and that the drivers of this focus may reflect pain coping
strategies or resilience.® However, it is not currently
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possible to predict these strategies at the individual level.
Therefore, the results from the studies that did not ma-
nipulate attention during mechanical punctate stimulation
are likely stronger than those that manipulated attention
during mechanical punctate stimulation.

Consistency of Findings Across Indicators
of Secondary Hypersensitivity

Eight (of 26) studies assessed the influence of a ma-
nipulation on both magnitude and surface area of sec-
ondary hypersensitivity, allowing an exploration of the
consistency of effects across both indicators of sec-
ondary hypersensitivity. In 7 (of 8) studies, effects were
consistent for nicotine deprivation (n=1; increase in
outcomes), directing attention toward the induction
site (n=1; increase in outcomes), anodal transcranial
direct current stimulation over the primary motor cortex
(n=2; decrease in outcomes), emotional disclosure
(n=1; increase in outcomes at 4 days; decrease at 30
days), and thermal stimulation (n=2; no effect on out-
comes). In one study,*? effects were inconsistent: anodal
transcranial direct current stimulation over the dorso-
lateral prefrontal cortex had no effect on the magni-
tude, but decreased the area of secondary hypersensi-
tivity. Notably, this consistency of effect across both
indicators of secondary hypersensitivity is reported at a
group-level. However, intraindividual variability in pain
outcomes is well known in both clinical and experi-
mental work and could provide further insight into the
effects of interventions; however, given raw data are
seldom presented, intraindividual variability is fre-
quently not reported and overlooked.®°

Opportunities to
Evidence

The current review identified 4 methodological stra-
tegies that have the potential to improve the quality of
evidence on this topic: 1) manipulation checks, 2)
structured strategies to achieve and verify blinding of
participants, assessors, and analysts, 3) control condi-
tions or control time points to confirm the effectiveness
of the induction procedure, and 4) public sharing of
raw data.

Five (of 27) studies failed to include manipulation
checks to verify the effect of their manipulation on the
putative target. Failing to confirm the efficacy of the
manipulation itself on the putative target reduces clarity
when trying to interpret the effect of manipulating the
target on experimentally induced secondary hypersensi-
tivity. Given the lack of manipulation checks, it is possible
that this review draws conclusions based on ineffective
manipulations, that is, the target was not actually ma-
nipulated, in which case the concluded effect of the
manipulation on secondary hypersensitivity may be in-
accurate. Specifically, 4 (of these 5) studies *'“%47:>2
found their manipulation influenced secondary hy-
persensitivity. However, without manipulation checks to
verify the effect of their manipulation on the putative

Improve the Body of



THE JOURNAL OF PAIN

target, we cannot be certain whether this effect was due
to a change in the putative target or something else
entirely. One study*® found the manipulation to have no
effect on secondary hypersensitivity, which could either
be because the manipulation failed to influence the
putative target or because manipulating the target did
not influence secondary hypersensitivity. In contrast, the
inclusion of a manipulation check in the only study from
which we did not include the outcomes data®* facilitated
clarity about this: the manipulation check showed no
effect of the manipulation on the putative target,
therefore no effects on secondary hypersensitivity could
reasonably be anticipated, so we excluded the data. In-
cluding manipulation checks to verify the effect of their
manipulation on the putative target will foster clarity
when interpreting results in future studies.

Five (of 27) studies failed to include structured stra-
tegies to both achieve and verify the blinding of parti-
cipants, assessors, and analysts. Further, only 2 (of 27)
studies assessed if blinding was upheld among partici-
pants and researchers. This opened studies up to unclear
and high risks of performance and detection bias.
Structured strategies to both achieve and verify
blinding will improve methodological rigor by reducing
the risk of performance and detection bias, increasing
the reliability of the results.

Twelve (of 27) studies included a control condition or
time point to confirm the effectiveness of the induction
procedure. Including a control for the induction clarifies
that secondary hypersensitivity was indeed induced.
Although experimentally induced secondary hy-
persensitivity is an established model, the different in-
duction methods have variable effects in different
individuals.®" Two (of 27) studies using placebo an-
algesia and transcranial direct current stimulation re-
cruited an enriched sample comprising participants who
had previously developed secondary hypersensitivity
after experimental induction.*’*° One of these studies®°
also excluded participants who showed >25% inter-
session variability in secondary hypersensitivity at the
second testing session; a sensible strategy for a re-
peated-measures design. We did not consider enriched
samples to introduce selection bias for this review
question, because we were interested on the effect of
the manipulation on secondary hypersensitivity, rather
than the effect of the induction on secondary hy-
persensitivity. Rather, we considered an enriched
sample to increase confidence that secondary hy-
persensitivity was indeed induced. Overall, our results
may not fully capture all manipulation effects, given
that the efficacy or reproducibility of the induction it-
self could not be verified in 24 of 27 studies.
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